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@ Oscillation bar code reader. 

@ A number of scanning devices are shown 
which are suitable for use in active or passive 
bar code readers. These devices use a minror 
system which is arranged to oscillate for pro- 
duction of a scanning beam, the oscillation 
being at a resonant frequency and beirtg effec- 
ted and adjusted by means solely of magnetic or 
electro magnetic components. 
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The invention relates to oscillation barcode read- 



BACKGROUND OF THE INVENTION 

Generally in a bar code reader the bar code is 
scanned so as to provide a time sequential optical im- 
age of the bar code and this image is then converted 
into an electrical signal and decoded. The scanning 
optics may be acUve or passive, that is to say a scan- 
ning beam may actively illuminate a bar code which 
IS then read off the reflected beam or a scanning 
beam may act to take a time sequential optical image 
Off a bar code having its own continuous illumination 
such as daylight or some form of conventional artif i- 
CBI iHumination. The present invention is concerned 
with both active and passive systems. 

In the simplest scanning geometry, only a single 
scanning line is required. The scanner is then very 
compact and has been applied widely in hand-held 
bar code readers. 

Becauseoftheneedforalargelongitudinalwork- 
ing range and high spatial resolution, the laser beam 
has popularly been used for barcode reading. In most 
laser scanners, this beam is steered by a reflective 
means, such as a mirror, to the bar code. The reflec- 
tive means can be facets of rotatfon of a polygonal 
min-or, driven by a conventional or an oscillation itio- 
tor. 

In order to achieve low power consumption, large 
scanning angle and compact dimensfons. resonant 
scanning is very attractive for bar code reading. To- 
gether with mechanical elastic components, the mir- 
ror can be forced to oscillation under an alternating 
torque. When the resonant conditfons are satisfied 
the power consumption ofthe system will be extreme^ 
ly low. A barcode reader, in which an oscillating mirror 
with mechanical elastic components such as springs 
IS driven by a magnet-coil device, has been described 
in the European Patent Application 0,456,095 How- 
ever, in practice of bar code reading, the large scan 
angle and high scan frequency (ratio) have been re- 
quired. It leads to the failure ofthe mechanical elastic 
components and the shortage of the life time of the 
reader device. 

The mirror can also be driven by a ferro-electric 
component. In order to Increase the amplihjde, a pen- 
tebimorph structure has been used, such as is descri- 
bed m US Patent 4,387,297. However, this structure 
st, offers very limited scanning angle. It is still diffi- 
cult to be used directly in a bar code scanner. 
r.n.^^^ systems are disclosed in: HP 

°^^3483 Al (PHILIPS). GB 
2070832 A(SYMBOL). US 4664476 A (KASUGA) US 
tlltlll ^ US 4828347 A (KEISER) .US 

5097356 A (PAULSEN) and US 5107372 A (GEL- 
BART}, 

The scan frequency in most of the above- 



mentioned scanners depend on the elastic properties 
of a mechanical component of the resonant system 
It can be changed only if the mechanical properties of 
the elastic and the vibration components, such as 
5 spnng and mirror, are changed. It means that only if 
the spring and or the mirror is replaced, can the res- 
onant frequency be changed and the scan latto then 
be modified. 

On the other hand, aging and variation in envir- 
10 onmental conditions may lead to variation in the elas- 
tic properties ofthe mechanical components. It leads 
to a possible shift of the resonant frequency, and the 
scan angle can then decrease if the driving frequency 
does not change and the system is therefore no lon- 
is get acting at resonance. 

In particular the problems which arise with reso- 
nant frequency systems using mechanical compo- 
nents are that resonance may vary with use - so that 
perfonnance may fall when the system goes off res- 
20 onance - and that the resonant frequency is dictated 
by the mechanical properties ofthe system and so 
cannot easily be varied or adjusted. 

The present invention aims to provide solutions 
to these problems. 

25 

SUMMARY OF THE INVENTION 



30 



In accordance with the present invention, there is 
provided a bar code reader comprising 

A bar code reader comprising 
optical scanning means which is arranged to provide 
an optical image of a bar code by means of an optksal 
beam, and includes optical beam deflecting means 
which is arranged to oscillate at a resonant frequency 
35 so as to deflectthe optical beam in a scanning motion 
to provide the optical image of the bar code, 
light detecting means by which the optical image of 
the bar code can be received and formed into an ele<^ 
tncal signal, 

40 and decoding means for decoding the electrical sig- 
nal. ' 

characterised in that 

the said optical beam deflection means comprises 
magnetic force applying means and magnetic restor- 
es ative means which are arranged to act against each 
other to provide oscillation and at least one of which 
•s arranged to deflect the beam in said scanning mo- 
tion 

and magnetic means for adjustment of the resonant 
so frequency of oscillation. 

In these devices, the optical beam deflecting 
means can be a reflective means used to steer an in- 
cident beam. This reflective means can be a mirror, 
pnsm or holographic component 
ss The reflective means can be installed to the hous- 
ing (frame) by means of. at least, one bearing, such 
that this reflective means can rotate around an axis 
This reflective means is subject to two torques- 
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the driving torque, generated by the magnetic force 
applying means and the elastic restorative torque, 
arising from the magnetic restorative means. Under 
these two torques this reflective means can oscillate 
about its axis. 5 

A particular feature is that the mirror having an 
elastic magnetic element can be forced to oscillate at 
a controllable resonance frequency by an electro- 
magnetic torque. 

To drive the reflective mear^, a magnet(s) that is 10 
most prefenred to be permanent fnagnet(s), is fixed to 
this reflective means and distanced from the vibration 
axis. This magnet is called moving driving magnet. 
Facing to it, the stationary coirfs) is situated in the 
housing. Feeding alternative current to the coll(s), the is 
electromagnetic force will be generated and the mir- 
ror can, then, be forced to osclllafte around the above- 
mentioned axes. 

Alternatively, a coll(s) Is fixed to the reflective 
means and distanced from the vibration axis. Facing 20 
to it, the stationary magnet(s), that is most preferred 
to be permanent magnet, is situated In the housing. 
Feeding alternative current to thie moving coii(s), the 
electromagnetic force will be generated and the re- 
flective means can, then, be forced to oscillate. 25 

The elastic torque in the present invention may 
be generated by a so-called magnetic spring, consist- 
ing of stationary and moving magnets. These mag- 
nets are most preferred to be permanent magnets. 
The moving magnet(s), fixed to the reflective means, 30 
is situated between the two stationary magnets. Un- 
der the magnetic forces between the stationary and 
moving magnets, the moving magnet is kept at the 
equilibrium position. When it is displaced from this 
position, the elastic torque will occur and it pushes as 
this magnet to its equilibrium position. The elastic tor- 
que will increase with the incrrasing displacement. 
This increase results from the variation In the mag- 
netic force between them and/or the variation in the 
distance of the moving magnet to its equilibrium 40 
plane. 

The so-called magnetic spring or restorative 
means can be achieved by a nuimber of different ar- 
rangements, three examples are: 

a) a combination of two fixed coils and a movable 4S 
coil between them. 

b) a combination of two fixed coils and a movable 
permanent magnet between them. 

c) a combination of two fixed permanent magnets 

and a movable permanent magnet between so 
them. 

According to this, we introduce two embodiments 
for the oscillation devices. 

In the first embodiment, the moving magnet in the 
elastic unit, distanced from the vibration axis, is 55 
placed between the two permanent magnets with its 
poles facing those of the stationary magnets with the 
same signs. In other words, the north pole of the mov- 



ing magnet faces the north pole of the stationary 
magnets, while its south pole, the south pole. The re- 
pulsion forces between them will push the moving 
magnet to its equilibrium position. When it moves out 
from this position along the direction of the magnetic 
field of the stationary magnets, the magnetic force, in 
turn the elastic torque, will be changed because of 
the variation in the distance between them. 

In the second embodiment, the rotation axis of 
the moving magnet in the elastic unit is coincident 
with the vibration axis of the reflective means. This 
magnet appears between the two stationary magnet 
with its poles facing those of the stationary magnets 
with the opposite signs. The north pole of the moving 
magnet faces the south pole of the stationary magnet, 
while its south pole, the south pole. The attraction for- 
ces between them will keep the moving magnet In its 
equilibrium position. When the reflective means ro- 
tates out from this position in the direction, normal to 
the magnetic field of the stationary magnets, the dis- 
tance to its equilibrium position, In turn the magnetic 
torque will be changed accordingly. 

Under these two torques, the reflective means 
will be forced into vibration. The natural resonant fre- 
quency is given by 

where I represents the moment of inertia of the vibrat- 
ing part, including the reflective means, driving and 
moving magnets, etc; and is the elastic constant 
for the magnetic spring, depending on the magnetic 
property of magnets. 

The maximum scan angle and minimum energy 
consumption of the scanning device will arrive if the 
driving force varies at a frequency which is identical 
to the resonant frequency. 

As shown in the above equation, the resonant 
frequency depends on the elastic constant of the 
magnetic spring. This constant frequency will vary if 
the magnet field is changed. An additional coil is now 
wound around the stationary magnets. The magnetic 
f ield between the stationary and moving magnets, as 
the sum of the magnetic fields, generated separately 
by the coil and stationary magnets, can, then, be var- 
ied according to the current, feeding into this addition- 
al coil. By control of this current, the resonance fre- 
quency can then be modified. 

There are several practical combinations of coils 
and magnets which enable the resonant frequency to 
be adjusted, for example where the restorative unit is 
two electro magnetic coils with a permanent magnet 
between them the frequency is adjusted by adjusting 
the current, or where three permanent magnets are 
used as the restorative unit, an additional coil is pro- 
vided and the current in it is adjusted. 

The scan angular amplitude depends on the 
damping (loss). The loss may depend on the scan 
speed, in turn, the resonant frequency. For incidence. 
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the windage will increase with the increasing speed. 
For high frequency scanning, the scan angle is de- 
creased. In order to increase the scan angle, penta- 
structure of nrtirrors can be used. It is, in fact, a com- 
bination of two oscillation systems. In this device, two 
min-ors, oscillating around one or two parallel oscilla- 
tion axes, are used. The incident beam impinges at 
the first minror and, then to the second min-or. The an- 
gle between the beam, incident to the first mirror, and 
the beam, emerging from the second mirror, depends 
on the angle between the two minrors. The two sys- 
tems have the identical resonant frequency. In the 
case that the two mirrors oscillate in the two opposite 
directions, i.e. one of them rotates in the clock-wise 
direction, another mirror will then rotate in the counter 
clock-wise direction, the scan angle will then in- 
crease. For a symmetrical system, the scan angle will 
be 4 times the angular deviation between the two mir- 
rors. 

In the above-mentioned devices, the permanent 
magnets can be replaced by electric magnets with 
colls, in which direct current is fed. 

The above-introduced scanning devices can be 
used for bar code reading. 

In active geometry, a thin pencil beam, such as 
a laser beam, is used to scan a bar code and light 
scattering from it, is detected to obtain information 
contained in code. To form such a thin beam, a focus- 
ing optics has been used. The above-mentioned de- 
vice can be used to steer this thin beam to scan a bar 
code. With additional optical components, such as a 
mirror array, multiple-directional reading can be per- 
formed. In this case, a bar code can be read even if 
It is orientated in various different directions. 

In passive geometry, the bar code in ambient 
light with or without additional illumihatton is imaged 
onto a photo-sensor. Moving the image of bar code, 
through a small opening, the code signal can be de^ 
tected. The above mentioned scan devices can be 
used to move the bar code Image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1a and 1b show a first embodiment of a 
scanning device, the first figure being a perspec- 
tive view and the second being diagrammatic; 
Figures 2a and 2b show a modified version of the 
first embodiment of a scanning device, the first 
figure being a perspective view and the second 
being diagrammatic; 

Figures 3a and 3b show a second embodiment of 
a scanning device, the first figure being a per- 
spective view and the second being diagrammat- 
ic; 

Figure 4 shows a perspective view of a scanning 
device using two matching oscillation mirrors; 
Figure 5 shows a schematic view of an active bar 
code reader which can use any of the above de- 
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vices; 

Figure 6 shows a schematic view of another ac- 
tive barcode reader; and 
Figure 7 shows a schematic view of a passive bar 
5 code reader. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION. 

10 1 . Scanning Devices 

1-1, First embodiment of the scanning device 

In this embodiment, the magnetic spring (the 
word spring being used figuratively to Indicate a mag- 
net behaving like a mechanical spring) is outof the os- 
cillation axis and the moving magnet varies its dis- 
tance to the stationary magnets during oscillation. 

As shown in Figures 1a and 1b, an incident beam 
1 is incident on a mirror 2, that is fixed in a holder 3. 
The holder 3 is carried by a shaft 4 mounted in bear- 
ings 5, so that the mirror 2 can rotate about an axis 6. 
Two permanent magnets, 7 and 8 are fixed on this 
holder and distanced from the rotation axis 6.' The 
magnet 7 is situated between the statiohary magnet 
poles 9 and 10, such that its north pole faces the north 
pole of the stationary magnet The two magnet poles 
are connected to each other by a soft Iron base 11. 
The magnetic force between the stationary and mov- 
ing magnets force the moving magnet 7 to its equilib- 
rium position. The other magnet 8 is situated in an 
electro-magnetic field, generated by an electro mag- 
netic coil or coils 12. An alternating current 13 is fed 
into the coil or colls 12. The magnet 8 is driven by the 
alternative electromagnetic force, resulting from the 
coil 12. The mirror 2 is forced to drive away from its 
equilibrium position by the torque from the magnet 8. 
Combining the driving and elastic resistive torques, 
the minror oscillates. When the frequency of the driv^ 
ing current is matched to the resonant frequency of 
the elastic system, the amplitude of vibration will ar- 
rive at Its maximum with minimized power consumD- 
tion. 

The magnet spring in this device can be modified 
As shown in Fig. 2. instead of the stationary magnet 
poles 9 and 10. a single bar-shaped magnet, 15. is 
used. The magnet 7 is replaced by a magnetic ring 1 6. 
The magnet bar 15 passes through the ring 16. such 
that the poles of the bar and the ring are in the same 
direction. Under the magnetic forces between them, 
the ring tends to be kept in the mid-position of the bar' 
I.e. the equilibrium position. The base 1 1 in this device 
is non-feme material. 

1-2. Second embodiment of the scanning device 

In this embodiment which is shown in Figure 3a 
and 3b, the magnetic spring is at the oscillation axis 
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and the moving magnet rotates around this axis dur- 
ing oscillation. 

In Fig. 3. the light 1 is incident on the mirror 2, that 
is f ixec£ in the holder 3. By means of the shaft 4 of the 
holder 3 and the bearing 5, the mirror 2 can rotate 
around! the axis 6. Two sets of permanent magnets, 
7 and S, are fixed on this holder. The moving magnet 
7 is situated between the stationary magnets 9 and 
1 0, sudh that its north pole faces the south pole of the 
stationary magnet and its centre is at the rotation 
axis. The two magnets are connected to each other 
by the soft iron frame 11 . The magnetic force attract 
the moving magnet 7 to its equilibrium position. An- 
other set of magnet(s) 8 is distanced from the oscil- 
lation aocis and situated in the electro-magnetic field, 
generated by the coil(s} 12. When the alternating cur- 
rent. 13, is fed into the coil(s) 12. the alternating elec- 
tro-magnetic torque will be generated to push the mir- 
ror 1 a«vay from its equilibrium position. Combining 
the driving and elastic resistive torques, the mirror 
can oscillate. When the frequency of the driving cur- 
rent Is nnatched to the resonant frequency of the elas- 
tic system, the scan angle will arrive at its maximum 
and the power consumption is minimized. 

To control the resonance frequency, additional 
coils, 14, are wound around the stationary magnets, 
9 and 10, or their base 1 1 , in Fig. 1 or 3. When the driv- 
ing cunrent is adjusted to another frequency, the di- 
rection and amplitude of the current, 15, fed into the 
coils, l!4, will be adapted such that the elastic con- 
stant of the magnetic spring is matched to this re-de- 
fined frequency. 

The scanning electronics depends on the re- 
quired vesonant frequency. The forcing current is 
most preferred to have constant frequency. Due to 
aging, wearing of components, such as kiearing, and 
variation of environmental conditions, the resonance 
conditions may be changed. This change may lead to 
variation In resonant frequency. The scan field may 
be decreased. By means of an additional magnetic 
field, generated by the coil 14, this change can be re- 
moved. The moving of the magnet, 8, with respect to 
the colt 12, will generate a signal in this coil. Cone- 
spondinig to the large displacement of this magnet, 
the signal is also large. The direction and amplitude 
of the csurrent, 15, fed into the coils, 14, around the 
magnet spring can be automatically adapted accord- 
ing to the signal in the coil 12 until the maximum dis- 
placement (resonance) of the moving magnet, 8, is 
achieved. The resonance can then be stabilized. 

Othier scan amplitude detection technology can 
also be used here to control the cunrent in the coil 14 
such that the resonant frequency of the system is 
matched to the forcing frequency. 

1 -3 Angular amplifiers 

As we mentioned before, the scan angular ampli- 



tude depends on the damping loss. The large loss, of- 
ten appearing for high scan frequency, leads to the 
decrease of the scan angle. In our invention, an an- 
gular amplifier can also be incorporated. 

5 Fig. 4 shows the working principle of an oscilla- 

tion system with two matching oscillation minrors that 
extend the scan angle. This system consists of two 
sets of oscillation devices A and B. The light, 1, is first 
incident on the mirror 2 in the oscillation device A, that 

10 is fixed in the holder 3. After reflecting, it is directed 
to the mirror V is fixed in the holder 3' in the oscilla- 
tion device B. By means of the shaft 4 of the holder 
3 and the bearing 5, the mirror 1 can be rotated 
around the axis 6, while by means of the shaft 4' and 

IS the t>earing 5*, the minror 2' oscillates around the axis 
6*. The permanent magnets 6 and 6' are fixed on the 
two holders and distanced from the oscillation axes, 
respectively. They are faced to each other with the 
poles of the same sign. In this case, the mirror 2 and 

20 T are forced to be separated by the repulsion forces. 
To keep the two mirrors at their equilibrium positions, 
another two stationary magnets 8 and 8' are used 
and their poles face the poles for the moving magnets 
with the same sign. Around the stationary magnets, 

25 8 and 8', the coils, 12 and 12' are wound respectively. 
An alternating current, 13, is fed into the coils 12 and 
12*, to generate the alternating electro-magnetic tor- 
que such that the mirrors 2 and 2' can be shifted 
away from their equilibrium positions. The phase of 

30 the alternative currents in the coil 12 and 12' are 
chosen such that the mirror 2 and 2' will be rotated 
around their corresponding axes in two opposite di- 
rections. Combining the driving and elastic torques, 
the mirrors oscillate. When the frequency of the driv- 
es ing current is matched to the resonant frequency of 
the elastic system, the angle between the two mirrors 
will arrive at its maximum and its power consumption 
is minimized. 

For this device, the resonant frequency of the de- 

40 vice Aand B must be identical. To control the frequen- 
cy for A and B, separately, it is better to use separate 
driving magnets and elastic magnets instead of the 
above-mentioned stationary magnets, which is not 
shown here. 

45 Instead of the oscillating scanning devices, 

based upon the first embodiment in the present dual 
oscillation system, the second embodiment can also 
be used to make such a dual mirror system, which we 
will not present here. 

50 

II. Bar code readers. 

Based upon these oscillation devices, various 
bar code readers can be built 

55 

2-1 Active bar code readers 

Fig. 5 shows a typical one-dimensional laser 
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scanner in which the magnetic elastic components 
have been used. The beam. B, from the laser 21 is 
focused by the optics 22 through the hole 23 in the 
minror 24 to the bar code C. This beam is steered by 
the mirror 24 m the scan device D. The light, scatter- s 
ing from bar code, is reflected by the mirrors 25 and 
24 to the light collector 26. By this collector the light 
IS detected by the photo-sensor 27. The scan device 
D m this figure can be one of the above described de- 
vices. 

In the present scanneran additional mirror 28 can 
be used to project the laser beam from the scan de- 
vice back to the mirror 25 again. The re-ref lected laser 
beaoi from this mirror will Increase the scan angle 
twice. The scan angle is also increased with the in- is 
creasing re-reflection times on the scan mirror 25. 

Using additional optical components, the one-di- 
mensional scanning can be extended to become mul- 
tiple-direction scanning. As shown in Fig. 6, the laser 
beann from the oscillation min-or 25 is directed to the 20 
min-or array 29, which surrounds this vibration mirror 
Reflected by the facets In this an-ay, the laser beam 
will scan the bar code C. The two-dimensional scan 
pattern depends on the number, sizes and orienta- 
t?c?>s of facets In the mirror an^y. 25 

2-1 Passive bar code reader 

Atypical passive barcode reader is shown in Fig. 
7. The bar code to be read is Illuminated by the am- 30 
bient light or an additional non-coherent light source 

31. The Illuminated barcode is Imaged by the optics 

32, consisting of a set of lenses 321 and 322 and a 
diaphragm 323. This image is reflected by the oscil- 
lation mirror 33 in the scan device D. which can be any 35 
of the above-nnentloned oscillation devices, to the Im- 
aging, plane, in which an opaque screen 34 with a 
small opening 35 is situated. Behind this opening, a 
photo-sensor is placed. During vibrating, the image Is 
moved over this screen. Through the opening 12, the 40 
bar code signal will be detected. The spatial resolu- 
tion and the longitudinal working range of the bar 
code reader depend on the diaphragm and the pin-ho- 
le. 
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Claims 



an electrical signal, 

and decoding means for decoding the electrical 
signal, 

characterised in that 

the said optical beam deflection means compris- 
es magnetic force applying means (8,12) and 
magnetic restorative means (7,9,10) which are 
arranged to act against each other to provide os- 
cillation and at least one of which is an-anged to 
deflect the beam in said scanning motion 
and magnetic means (14) for adjustment of the 
resonant frequency of oscillation. 

2. A bar code reader according to claim 1 which is 
an active scanner Including means (21) for gen- 
erating a light beam to be focused on the bar code 
(C) so as to scan the bar code for subsequent de- 
coding. 

3- A bar code reader according to claim 1 which is 
a passive scanner including means for provision 
of an optical path scanning an illuminated bar 
code (C) for subsequent decoding. 

4. A bar code reader according to claim 1 in which 
the magnetic means for adjustment of the reso- 
nant frequency of oscillation comprises an elec^ 
tro magnetic coil (14) associated with the mag- 
netic force applying means and with the magnetic 
restorative means. 

5. A bar code reader according to dalm 1 In which 
the magnetic force applying means comprises an 
electro-magnet (12) and means for application of 
an alternating current to said electro-magnet 

6. A bar code reader according to claim 1 in which 
the magnetic restorative means is at least one 
permanent magnet (7,9,10). 

7. A bar code reader according to claim 1 character- 
ised by a pair of opposed minrors (2,2') which are 
aoanged to provide sequential reflection of the 
optical beam so that during oscillation a wide 
scan angle is provided and that each min-or is ar- 
ranged to oscillate with a resonant frequency 
which is the same as the other said min-or. 



1 . A bar code reader comprising 

optical scanning means which Is arranged to pro- 50 
vide an optical image of a bar code by means of 
an optical beam (1), and includes optical beam 
deflecting means (2) which Is arranged to oscll- 
late at a resonant frequency so as to deflect the 
optical beam in a scanning motion to provide the 55 
optical image of the bar code, 
light detecting means by which the optical image 
of the bar code can be received and fornied into 
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(54) Osciliation bar code reader 

(57) A number of scanffiing devices are shown which 
are suitable for use in active or passive bar code read- 
ers. These devices use a mirror system which Is ar- 



ranged to oscillate for production of a scanning beam, 
the oscillation being at a resonant frequency and being 
effected and adjusted by means solely of magnetic or 
electro magnetic components. 
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